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Development of a Common Framework for Assessing
the Distribution and Potential Threats to Bull Trout
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Sampling Models
Estimating Bull Trout Detection Probabilities

Detecting a species in a sample unit depends on 2 factors:

• the species must be present

• at least 1 individual must be captured

   Probability of detection

Fish abundance
(number of chances)

Capture efficiency
(the ability to capture an individual) 

Number recaptured (resighted)
Number marked

= f(environmental factors)

Estimating Capture Efficiency

Modeling with known numbers of marked individuals 

Model using beta-binomial regression

Why use beta-binomial regression?

Data are overdispersed (variance greater than binomial)
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Data are overdispersed (variance greater than binomial)

Variance is related to number of marked fish 

Residuals from logistic regression

Variance is related to number of marked fish 
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Cross-validation results N = 974 sites

Variance affects accuracy of detection estimates 

…. Why?

Estimating Fish Abundance

Requires a discrete statistical distribution

Because you can’t sample a fraction of a fish

Poisson distribution – 1 parameter the mean
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Estimating Fish Abundance
What mean do we choose?

The minimum observed density
Problems:

• will require huge amount of sampling effort
• will change with increased effort

The minimum “viable population” density/size

Problems:

• requires definition of population extent
• no concensus on value or means to calculate

One possible solution:
• Define a set of sampling frames as occupied

• Estimate bull trout density in each
• Use these densities to define the characteristics of occupied frames 
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Estimating Fish Abundance

0

10

20

30

40

50

60

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

Distribution of densities in 50 m sample units

0

Gamma distribution

P
er

ce
nt

 o
f s

am
pl

in
g 

fr
am

es

Bull trout density

Replace a single value of the mean with a distribution of means

Fish abundance
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Capture efficiency
Beta-binomial efficiency model

   Probability of detection

Sampling Models
Estimating Bull Trout Detection Probabilities

Combine detection probabilities from individual sample
units to obtain detection probability for sampling frame

Interpreting a Zero Catch 

This is referred to as the POSTERIOR probability of presence

The detection probabilities are CONDITIONAL

Besides, were not interested in our ability to detect bull trout

We want to know: 
what are the chances that bull trout are present, 
                      given  we haven’t collected them

That is, they depend on the condition:  
the sampling frame contains bull trout

Posterior probability… who cares?

Consider the following…

A test for a disease has a 20% false positive error rate

We test 100 people KNOWN  to be healthy

How many test positive?

20

Of these 20 that test positive, what percentage are healthy?

20
20

= 100%

So… there is a 100% chance that any given person is healthy 
GIVEN THAT THEY TESTED POSITIVE

Posterior probability, continued

Same test always shows positive (100%) when someone HAS the disease

What’s the probability he tests positive?

We test 1 person KNOWN  to have the disease

100%

What's the probability that he is healthy?

ZERO
So… there is a 0% chance that he is healthy 

GIVEN THAT HE TESTED POSITIVE

Posterior probability, continued
same test
We test 99 people KNOWN  to be healthy, 1 KNOWN to be sick

How many test positive?
(round numbers)

21

Of these 21 that test positive, what percentage are healthy?

20
21

= 95%

So… there is a 95% chance that any given person is healthy 
GIVEN THAT THEY TESTED POSITIVE
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Posterior probability, continued
same test
We test 98 people KNOWN  to be healthy, 2 KNOWN to be sick

How many test positive?
(round numbers)

22
Of these 22 that test positive, what percentage are healthy?

20
22

= 91%

So… there is a 91% chance that any given person is healthy 
GIVEN THAT THEY TESTED POSITIVE

This is called a POSTERIOR

Let’s review……..

We test 98 people KNOWN  to be healthy, 2 KNOWN to be sick

91% posterior of being healthy
20
22 = 91%

We test 99 people KNOWN  to be healthy, 1 KNOWN to be sick

20
21 = 95% 95% posterior of being healthy

We test 100 people KNOWN  to be healthy

20
20 = 100% 100% posterior of being healthy

So… the posterior depends upon  PRIOR knowledge 
of the number of sick and healthy people 

Sure, it’s useful for sick people what about fish??

A 80% detection probability = 20% false absent error rate

Of these 20, what percentage have bull trout?

20
20

= 100%

However, we rarely know if bull trout occur with certainty 
SO WE MUST ESTIMATE THE PRIOR

In how many watersheds do we miss detection?

We test 100 watersheds KNOWN  to contain bull trout

20

Where do we get these priors for Bull Trout?

Basin
(e.g., 8th order watershed)

Habitat models?

< 20% prob. presence.

> 80% prob. presence.
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Combining habitat model-based and sampling inferences
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Predicting species occurrence in patches

Predictors:
 patch area
 patch isolation
 road density

Probability of presence predicted with logistic regression 
via leave-one-out cross-validation 

These predictions are used as prior information
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Patch-based model error rates

Error rates drop…
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…the number of  uncertian patches increases

How can we reduce this uncertianty??

SAMPLE

Combining prior information and sampling

Prior probability of presence from patch-based model is
combined with detection probabilities via Bayes Rule

Prob. present, 
  given no detect  =

Prob not detect, given present * prob. present

(Prob not detect, given present * prob. present) + (Prob not detect, given not present * prob. not present)

Prior Probability Present Posterior Probability Present

Sampling data

Prior Probability Present

Update as you sample

Simulating the combined and sampling only approach 

Step 1: Randomly assign fish abundance and sampling efficiency to a sample unit

Simulated sampling
Combined approach- only conducted in “uncertian” patches
Sampling only approach – conducted in all 77 patches

For each patch:

Step 2: Simulate detection via a Bernoulli trial

Step 3: If a fish is not detected, estimate  probabilty  of detection using protocol

Step 4: Combined approach- estimate posterior probability of presence
             Sampling only approach- estimate probability of detection for patch

Step 5: Continue sampling (steps 1-4) until a bull trout is detected 
                                                    or
      Combined approach- posterior probability of presence is below a threshold
      Sampling only approach- probability of detection for patch is above 
                                                  a threshold

Run 1000 simuilations for 3 cutoff levels 70/30 80/20 90/10

Accuracy Comparison
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Cost/ Effort Comparison

Samples per patch
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Crew-days for basin-wide survey
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Bottom Line: Combined Approach

• Greater accuracy than sampling only approach for a given
(fixed) level of effort.

• Provides estimates that can be used for decision making

• Requires model of bull trout presence

• Can be used to estimate posterior density estimates
with slight modifications

Threshold??


